Very few perennial herbaceous legumes have been developed for native seed mixes in the southern Great Plains, and none are specifically sold for forest understory reseeding. This study looked at shade tolerance of tropical puff (Neptunia pubescens Benth. var. microcarpa (Rose) Windler [Fabaceae]) and dollar snout-bean (Rhynchosia americana (Houst. ex Mill.) M.C. Metz [Fabaceae]) over 3 growing seasons. Pod production declined (P = 0.001) only at 80% shade and dollar snout-bean branch length and herbage production increased (P < 0.08) at moderate shade levels compared with open sunlight and in contrast to tropical puff that showed no positive responses to shade. Neutral detergent fiber and acid detergent fiber increased (P = 0.001) at 80% shade while acid detergent lignin decreased (P = 0.02) under shade except for dollar snout-bean at high levels of shade. Nitrogen and carbon concentrations increased (P = 0.10) under shade for both species but carbon decreased (P = 0.10) at 80% shade in the snout-bean. Both species should be useful for inclusion in seed mixes under tree and brush canopies because they tolerate and even thrive under moderate shade. Tropical puff shows greater potential for nutritive value for ruminant nutrition due to lower fiber and greater nitrogen concentrations compared with the snout-bean.
ncluding a greater number of native forb species in woodland restoration or grassland rehabilitation seed mixes for the southern Great Plains may enhance diversity, productivity, and long-term stability of the resultant grasslands (Tillman and others 2006) . The inclusion of herbaceous perennial legume species into these ecosystems could increase crude protein (CP), energy, and minerals in native and domesticated animal diets through greater herbage and seed availability (Muir and others 2005) . In addition, introduction of legumes as a wildlife management tool may be an efficient and effective technique for improving wildlife habitat, increasing carrying capacity, and enhancing reproductive efficiency.
The essential role of native perennial herbaceous legumes in high-diversity woodland ecosystems has been well documented. These encompass forage for native and domestic ruminants, nutrient recycling and sequestration, reduction in soil nutrient leaching losses, stimulation of greater soil faunal activities, reduction in soil erosion, improved soil fertility, and sustained levels of crop production (Kang 1997; Turner and 
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others 1997). Natural and managed ecosystems that include herbaceous legumes can benefit from increased soil organic matter content, wildlife food and habitat, and more balanced herbage availability throughout the year (Bazill 1987; Gee and others 1994) . Numerous herbaceous legumes native to the southern Great Plains of North America are candidates for domestication. These were much more prevalent in mixed grass/savanna systems in the past but have gradually disappeared due to overgrazing by domesticated stock (Weaver 1954) . Despite these pressures, however, herbaceous legume species can still be found in the region (Correll and Johnson 1970; Diggs and others 1999) with some potential (Muir and others 2005) for inclusion in woodland understory herbaceous seed mixes.
Two herbaceous Texas legumes were selected for this study based on abundance in parts of Texas (USDA NRCS 2009) and potential for cultivation (Muir and others 2005) . Rhynchosia americana (Houst. ex Mill.) M.C. Metz (Fabaceae), dollar snout-bean, is known to grow in central and coastal Texas (Correll and Johnson 1970; Diggs and others 1999; USDA NRCS 2009) . Its distinctive single reniform leaflet and prostrate growth form make it distinctive among the viney snout-beans. Neptunia pubescens Benth. var. microcarpa (Rose) Windler (Fabaceae), tropical neptunia, is more of a southern Texas native and, although prostrate, is not viney in growth habit (Correll and Johnson 1970; Diggs and others 1999; USDA NRCS 2009 ). Very little is known about the productivity of these 2 legumes other than some preliminary data by Muir and others (2005) , and their shade tolerance has not been determined.
Research has shown that species exhibiting the C 3 photosynthetic pathway, such as legumes, are usually more adaptable to shade than are species with the C 4 photosynthetic pathway (Kephart and others 1992). There is, however, only limited research on the shade tolerance of perennial warm-season herbaceous legumes, especially native to the southern Great Plains where open prairie rather than woodland species often receive more research attention. Our study objective was to evaluate the winter survival, growth habit, herbage yield, and nutritive value of herbaceous dollar snout-bean and tropical puff under 4 levels of shade. The study area was treated with
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at 1122 ml/ha on 1 April of the establishment year (2003) to remove vegetation prior to seedling transplantation into uncultivated soil. Established plots were manually weeded throughout the study to reduce competition from other vegetation.
Seeds of dollar snout-bean and tropical puff collected within Texas (Muir and others 2005) were scarified and planted in peat pellets (Jiffy Pot #7, Jiffy Products, Batavia, Illinois) during midMarch of each study year. Seeds were inoculated with Urbana Powdered Peat general cowpea inoculant (Urbana Laboratories, St Joseph, Missouri).
Seedlings were established in a greenhouse and manually thinned to contain one seedling per peat pellet. During the year of establishment, these were transplanted into the field plots at 6 wk (midMay), and winter-killed plants were replaced during mid-May of 2004 after registering survival percentages.
The study area was divided into 4 blocks, each containing 4 shade treatments (0, 30, 55, and 80% shade) placed randomly within the block. The artificial shade environment was created by covering the top and sides of steel frames (1.7 m in length x 1.2 m in width x 1.0 m in height [5.6 ft x 3.9 ft x 3.3 ft]) with 30, 55, and 80% UV-resistant black polypropylene PAK woven shade cloth (PAK Unlimited Incorporated, Cornelia, Georgia). Each block contained 3 frames; the 0% shade plots did not contain frames.
The experimental research design for this study was a randomized split block comprising year, degree of shade (main plot), and species (subplot). Each main plot was randomly divided into species subplots consisting of one row of each species with 3 plants each. Plants were spaced 30 cm (12 in) apart within each row and 35 cm (14 in) apart between rows to allow for plant spread, reduce plant overlap and mutual shading, and ensure desired number (6 plants total) and spacing arrangement within plots.
Photosynthetic photon flux density (PPFD) measurements (µmol/(m 2 • s) were recorded as descriptors of shade treatments during the establishment year in mid-June at noon of a cloudless day. Measurements were taken with a LI-COR ® LI-190SA quantum sensor mounted to a LI-COR ® LAI-2000 plant canopy analyzer (LI-COR Incorporated, Lincoln, Nebraska). Averages under the shaded frames indicated 1780, 1230, 760, and 400 (µmol/(m 2 • s) for 0, 30, 55 and 80% shade, respectively.
All dependent variables consisted of the average of the 3 plants within species in each plot for each year. Winter survival was registered in May of each year. Because mature legume dehiscing was a phenomenon common to both species in the study, seedpods, rather than seeds, were counted throughout the growing season (pods per plant per year) and removed from the plants at the time of counting to avoid inclusion in subsequent counts. Branch length (of the longest branch) was registered for each plant and averaged by species within plot on 1 October of each year. All plants were harvested at 3 cm (1.2 in) from the crown on 1 October of each year, batched by species within plots, and dried in a forced-air oven at 55 °C (131 °F) for 48 h. Dried plants were weighed to estimate herbage dry matter (DM) yield (g/plant) and ground through a sheer mill fitted with a 1-mm screen. This material was analyzed for nitrogen (N) and carbon (C) by combustion using an Elementar Vario C-N Analyzer (Mt Laurel, New Jersey). Nitrogen is an indicator of plant crude protein (Van Soest 1994), while carbon is useful in estimating sequestration capabilities. Neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) concentrations were measured using an Ankom 200 Fiber Analyzer (Ankom Technologies, Macedon, New York) utilizing methods originally described by Van Soest and Robertson (1980) . Fiber fractions are indications of potential digestibility in ruminant animals (Van Soest and Robertson 1980) . Measured variables were submitted to analysis of variance (ANOVA) by general linear model to identify differences across and within treatments and years. For herbage characteristics, stem length, and herbage or pod production variables, ANOVA was used to detect differences for shade, species, years, and interactions. Linear and quadratic regression analyses were performed by species if shade level or its interactions were significant.
R E S U L T S A N D D I S C U S S I O N
Year affected all dependent variable responses, with year x species interactions apparent in 6 of these. These year effects may reflect plant maturity because perennial, tap-rooted herbaceous legumes take more than 2 y to establish fully (Berg 1986 (Figure 1) . Because these climate and maturity responses have already been well documented elsewhere in the literature, only responses that did not include year will be discussed.
Pod Production
At more than 60 pods per plant per year, dollar snout-bean produced 2.8 times more pods than did tropical puff ( Table 1 ). The latter produces 2 to 6 seeds per pod compared with 1 to 2 seeds per pod for the snout-bean (Diggs and others 1999), so seed numbers may have been very similar for the 2 species. For both entries, pod production peeked at
256 30% shade and was lowest at 80% shade (Figure 2 ). This indicates that reproduction in these legumes responds favorably to some shade and tolerates up to 55% shade without decreased pod production relative to full sunlight, in contrast to annual legumes that have peak seed yields under full sunlight (Osumi and others 1998) .
Herbage Yield and Branch Length
Shade effects on herbage production patterns were species specific (species x shade interaction P = 0.04; Figure 3) , with the snout-bean reacting very positively to 30% (nearly threefold increase) and moderately to both 55% and 80% shade, similar to the response of Galactia elliottii Nutt. (Fabaceae) to shade in Florida (Muir and Pitman 1989) . By contrast, tropical puff yields indicated shade tolerance up to 55% but had a severe decline at 80% shade. In general, this decrease in herbage accumulation has not been reported in other native perennial legumes subjected to high levels of shade (Lin and others 1999) , indicating moderate shade tolerance compared with other legumes reported in the literature. Branch length responses mirrored herbage yields (Figure 4 ).
Fiber Concentrations
Concentrations of NDF and ADF were stable at moderate levels of shade regardless of species but rose sharply at 80% shade (Figures 5 and 6 ). Similar trends were reported for perennial herbaceous legumes by Lin and others (2001) except that these studies did not show as sharp an increase in fiber concentrations at high levels of shade. When predicting nutritive value for ruminants, lower fiber values generally indicate greater digestibility (Wilson 1994) , so plants in full sunlight and moderate shade may be more useful as browse than those in dense shade. Tropical puff had lower concentrations of both NDF and ADF (Table 1) , so its value to ruminants should be superior to that of the snout-bean.
Acid detergent lignin is basically indigestible in the rumen (Wilson 1994) ; therefore, lower concentrations are desirable for both wild and domesticated ruminants. Concentrations of dollar snout-bean ADL were basically unchanged by shade level (Figure 7) . This was not the case with the tropical puff, which had 7% lower concentrations of ADL under shade, regardless of level, compared with open sunlight.
Fiber concentration values were universally high compared with those published for other perennial, warm-season legumes (Muir and others 2005; Butler and others 2007) . However, herbage in this study was harvested only at the end of the growing season when plants were mature; in addition, the inclusion of whole plant herbage in the samples likely raised values relative to what would have been measured in leaf-only samples (Butler and others 2007; Muir and others 2008) . Taken together, the fiber concentration data indicate that tropical puff, especially in moderate shade, should be more digestible and nutritious than the dollar snout-bean.
Nitrogen and Carbon Concentrations
Nitrogen concentration increased steadily from 1.58% in full sunlight up to 1.78% at 80% shade (Figure 8 ). This equates to an estimated 9.9% and 11.2% crude protein (Van Soest 1994) , values that are within the range for year-end whole-plant legume herbage N concentrations (Lin and others 2001; McGraw and others 2004; Muir and others 2005) . Not all perennial native legumes mirror this trend toward greater CP concentrations under shade (Lin and others 2001) , although those native to wooded habitats do (Muir and Pitman 1989) . Tropical puff had 2.2% greater concentration of N compared to the snout-bean (Table 1) , a difference that may not make much difference in natural ecosystems.
Unlike tropical puff, snout-bean C concentrations responded positively to moderate shade (Figure 9 ). Carbon concentration declined in both species, however, at 80% shade, 18% in the case of tropical puff.
C O N C L U S I O N S
These 2 perennial legumes, native to southern Texas, exhibited positive adaptation to moderate shade. Seedpod and herbage production as well as nutritive values generally increased with some shade but declined when 80% of sunlight was excluded. Apparently some shade is good, but somewhere over 55% shade becomes detrimental to production and feed value of these native species. These species should be useful for inclusion in seed mixes or revegetation projects of the southern coastal plains, both in open grasslands as well as moderately shaded savanna understories. 
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